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Sir: 

I, Rlohard D. Breautt declare that: 

1. t reside et 163 Pleasant Street, North Klngatown, Rl 028S2. 

Z« I have e Bachelor of Science degree in Chemical Engineering and 
have been working in the field of fuel cella and related arte for over 43 years, and am 
currently engaged in that field on bahalf of UTC Power Corporation, South Windaor, 
CT. 

3. lama oo-lnventor of the aubject application end em currently 
familiar wtth its content, including claims 18 and 18 and the support for those clelma 
In tha specification. 

4, Tha amount of water produced In a fuol cell was widely known, as In 
US 6,461,466, Issued In 2002, from the reaction et the cathode; 

0 3 + 4H* + 4e-*2H,0; 

two gram-moles of water molecules are produced for every four grem-moles 
of electrons. The Feredy constant, on page 778 of McQrew-Mff D/ctforwy of 
Sctnnrtfc and Technical T*rm*. Sixth afittoft (Library of Congress data. 2002). copy 
herewith* Is 86,846 C (coulombs) per sach gram-mole erf water produoed. Since four 
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gram-moloa of electrona are produced for two gram-motes of weter, 96,846 U* 
193,680 coulomb* are produoad for each mota of water. On* coulomb per second is 
one ampere; thua It Is known that 6.1x10* moles of water are produced per second 
per ampere of current produced by the fuel cell power plant. 

5, The amount of water transferred directly from cathodes to anodes 
through the weter transfer capability or path is controlled (as la explained at page 4, 
line 24 through page 5, line 1 6 of the subject application In response to a pressure 
differential betweon the cathode end the anode, The relationship between the 
pressure differential and the rate of flow (volume per unit of ttme> of water has been, 
before September 2003 r determined routinely using Darcy't lew, described In a 
contemporaneous printout from Wikipedla, herewith, but also described on page 546 
of the 2002 edition of Mtetf/aw-MW (hereinbefore}, copy herewith. 

Since the cnthode*to-*nade water transfer path wfll have been designed by, 
made, and Instelted by or under the direction of tha same skilled ertlsen who wHI 
determine the flow from cethodaa to anodes, the permeability, area of flow and 
length of flow of the water transfer path will be known by that artisan. The viscosity 
of water around BO°C Hoc inatanoe) is shown on pagaa 6-2 and 8-176 of tha 
HwtfbMk ef Chamtwtry entf Phytic** 86* FatfWdn (200fl), copy herewith. Viscosity at 
other temperatures was available from standard tables, such aa earlier editions of tha 
Handbook, Thus, the eetebllahment of a desired volums of water per unit of time 
through the water tranefer capebility or path was a routine matter before September. 
2003. 

6, The amount of watar being discharged from the anodes, through the 
anode water transport pletesr to ambient has routinely been meesured by flow meters, 
well known prior to September. 2003, as shown on page 825 o\ McGrav+-Hffl t 
(hereinbefore), copy herewith. This amount Is adjusted by varying the cathode-to- 
anode flow as described In paragraph 5, hereinbefore. 

7, The amount of water vapor in tha cathode gas flow field exhaust can 
easily be determined by simply condensing the vepec , as shown in US 5,996.058, 
Issued in 1989, and measuring the flow ot water to ambient with a known flow 
meter, 

It waa standard knowledge before September, 2Q03 that the amount of 
water In e flow of flee, such as the cathode gas flow field exhaust, can also be 

2 
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determined from the total mess flow, temperature, total pressure, end vapor pressure 
of weter. Tha vapor pressure of watar at a temperature, is found in well-known 
tub lea, eueh aa at pages 0 8 of Che Handbook (hereinbefore) and earlier editions 
thereof. The mase flow (moles) of watar t* aimply tha total flow times the ratio of 
vapor pressure to total pressure. 

8. The creation of flows sat forth In either of claim 16 or claim 19 
begim by establishing the current to be produced by the stack* Prom the current, the 
product water ia routinely calculated aa described In paragraph 4, hereinbefore, The 
coolant temperature, and therefore tha temperature at the reaetent gas exits of the 
staok la controlled aa shown in US 2002/0146608 A1. The pressure of anode and 
cathode, and thus their relative pressure, ia adjustable as shown In US 

2001 f000450l A1 , to cause the desired cathode-to-anode water flow of the 
Invention* as described In paragraph 5, hereinbefore. The experimentation required by 
one skffled in the fuel cell arts to balance the cathode exit temperature and the 
cathode/anode pressure differential while measuring anode water transport plate 
outflow end cathode vapor outflow, is routine and easily completed in a matter of 
hours, 

9. Ail statements made herein of my own knowledge are true and that 
all statements made on Information and belief are believed to be true and further that 
these statements are made with the knowledge that willful falaa statements end tha 
like so made are punleheble by fine or Imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code. 
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Dairy's law 

From Wikipedia, the free encyclopedia 

In fluid dynamics, Dairy's law is a phenomologically derived constitutive equation that describes the flow of a 
fluid through a porous medium. The law was formulated by Henry Darcy based on the results of experiments^] 
cm the flowof water through beds of sand. It also forms the scientific hasis of fluid permeability used in the earth 

sciences. 

Contents 

■ 1 Background 
* 2 Description 

■ 2.1 In 3D 

■ 2,2 Assumptions 

■ 3 Additional fctms of Darcy's law 

m 3A Time derivative of flux 

■ 3.2 Brinkraan term 

■ 3.3 Multiphase flow 

■ 3.4 Forchheimer equation for non-Darcy flow 

■ 3.5 hi membrane operations 

■ 4 References 

■ S See also 



Background 

Although Darcy's law (an expression of conservation of momentum) was determined experimentally by Darcy, it 
has since been derived from the Navier-Stokes equations via hamogeniation. It is analogous to Fourier's law in 
the field of heat conduction. Ohm's law In the field of electrical networks, or Pick's kw in diffusion theory. 

One application of Daisy's law is to water flow through an aquifer. Darcy's law along with the equation of 
conservation of mass are equivalent to the groundwater flow equation, one of the basic relationships of 
hydrogeology. Darcy's law is also used to describe oil, water, and gas flows through petroleum reservoirs. 

Description 

Darcy's law is a simple proportional relationship between the 
instantaneous discharge rate through a porous medium, the 
viscosity of the fluid and the pressure drop over a given 
distance. 



V- p. L 

The total discharge, Q (units of volume per time, e.g., m^s) is Diagram showing definitions and directions for 
equal to the product of the permeability (k units of area, e.g. *" Darcy's law. 

m 1 ) of the medium, the cross-sectional area (A) to flow, and 
the pressure drop (P b - PA all divided by the dynamic 

viscosity il (in SI units e.g. kg/(ro-s) or Pa s), and the length L the pressure drop is talcing place over. The 
neearive sinu is needed because fluids flows from high pressure to low pressure. So if the change m pressure is 
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negative (in the x-direction) then the flow will be positive (in the x-direction). Dividing both sides of the equation 
by the area and using more general notation leads to 

g= —VP 

where q is the flux (dischai^e per unit area, with units of length per time, m/s) and VP is the pressure gradient 
vector. This vahie of flux, often referred to as the Darcy flux, is not the velocity which the water traveling 
through the pones is experiencing^. 

The pore velocity (v) is related to the Darcy flux (?) by the porosity (<p)< The flux is divided by porosity to 
account for the feet that only a fraction of Hie total formation volume is available for flow. The pore velocity 
would be the velocity a conservative tracer would experience if carried by the fluid through the formation. 




In 3D 



In three dimensions, gravity must be accounted for, as fluid will not flow vertically as a result of the vertical 
gravitational pressure drop (this is hydrostatic conditions). The correction is to subtract the gravitational pressure 
drop from fhe existing pressure drop in the equation in order to express the resulting fluid flow, 



(VP-pge*) 



where the flux <7 is now a vector quantity, * is a tensor of permeability, V is the gradient operator in 3D, g is the 
acceleration due to gravity, is the unit vector in the vertioal direction, pointing downwards and p is the 
density. 

Effects of anisotropy are addressed in three-dimensions using a symmetric second-order tensor of permeability: 



K — 



&JSX &arft n 'XZ 
«I/;r %!/ 



zy 



K- 



.13 



where the magnitudes of permeability in ti&x,y, and z component directions are specified. Since this a 
symmetric matrix, there are at most six unique values. If the permeability "is isotropic (equal magnitude in all 
directions), then the diagonal vahws are equal, «« = «yy = > 0, while all other components are 0. The 
permeability tensor can be interpreted through an evaluation the relative magnitudes in each component For 
example, rock with highly permeable vertical fractures aligned in the ^-direction will have relatively higher 
values for x than other component values- 



Assumptions 

Darcy's law is a simple mathematical statement which neatly summarizes several familiar properties that 
groundwater flowing in aquifers exhibits, including: 

■ if there is no pressure gradient over a distance, no flow occurs (this is hydrostatic conditions), 

> if mere is a pressure gradient, flow will occur from high pressure towards low pressure (opposite the 
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On tho tov»n Roprosantatlon of a fuNorono molacuU with a noble gas atom trappod 
irtsloa. At tho Pormfan-Trtof »ic lodimantary boundary tho nobis 90m nolium and argon 
have boon found trappod Instdo fulleronot - Thoy oxhiblt isotope ratios quit* similar to 
those found In motoro rites, suggesting that a fireball meteorite or asteroid exploded 
when It hit the Earth, causing major changes in the environment. (Image copyright © 
Dr. Luann Becker. Reproduced wWi perm/«/ooJ 



Over the six editions of the Dictionary, material has been drawn from the following references: G. M. Garrity 
et al„ Taxonomlc Outline of the Procaryotes, Release 2, Springer- Veil ag. January 2002; D. W. Unrey, Vertebrate 
Biology, McGraw-Hill, 2001; J. A, Pechenilt, Biology of the Invertebrates, 4th ed., McGraw-Hill, 2000; U.S. 
Air Force Glossary of Standardized Terms, AF Manual 11- 1, vol. 1, 1972; F. Casey, ed., Compilation of Terms 
in Information Sciences Technology, Federal Coundl for Science and Technology, 1970; Communications- 
Electronics Terminology, AF Manila) 1 1-1, vol. 3, 1970; P. W. Thrush, comp. and ed., A Dictionary of Mining, 
Mineral, and Related Terms, Bureau of Minea. 1968; A DOD Glossary of Mapping, Charting and Oeodetic 
Terms, Department of Defense, 1967; J. M. Gilliland, Sclar-Temxtrial Physics; A Glossary of Terms and 
Abbreviations, Royal Aircraft Establishment Technical Report 67158, 1967; W. H. Allen, ed., Dictionary of 
Technical Vtrms for Aerospace Use,. National Aeronautics and Space Administration, 1965; Glossary of Stinfo 
Terminology, Office of Aerospace Research, U.S. Air Force, 1963; Naval Dictionary of Electronic, Technical, 
and Imperative Terms, Bureau of Naval Personnel! 1962; R. E. Huschke, Glossary of Meteorology, American 
Meteorological Society, 1959; ADP Glossary, Department of the Navy, NAVSO P-3097; Glossary of Air Traffic 
Control Terms, Federal Aviation Agency; A Gtoisary of Range Terminology. White Sands Missile Range, New 
Mexico, National Bureau of Standards, AD 467-424;* Nuclear Terms; A Glossary, 2d ed., Atomic Energy 
Commission. 
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546 danger area 



dark matt 



< 



DARK-FIELD ILLUMINATION 




Diagram of dark-field illumination. 
(Am*ri6an Optical Corp.) 



is the safety limit for a vessel approaching a dangerous obstacle 
such a* a reef. { 'dan-jar ,Brj'gal ) 

dangar area |nav] A specified area within, below, or over 
Which there may exist activities constituting potential danger 
to aircraft flying over It, or to persons, property, and traffic on 
land or see. \ 'dta'jar 'er-e-a } 

dinger bearing [nav] The bearing of any object or obstruc- 
tion as measured on board a vessel which will put a ship In 
jeopardy. [ 'dan-jar .berln. \ » 

danger buoy (nav] A buoy marking an isolated danger to 
navigation. { 'dao-jor ,boi } 

danger ooafflolerrt [nuci.eo] The change in reactivity per 
unit mass of a substance resulting from inserting the substance 
in a particular nuclear reactor. { 'dftn -jar ,koi,fishent ) 

danger tin* f nav] A line on a chart representing a boundary, 
bjyond which some hazard will be encountered. { 'dan-jar 

dangeroua semicircle [meteorolI The half of the circular 
area of a tropical cyclone having the strongest winds arid heavi- 
est seas, where a ship tends to be drawn into the path of the 
storm. { 'dflnjaras 'fiem'i.ssr'kal ] 

danger sounding [nav| A minimum sounding chosen for 
a vessel of specific draft in a given area to indicate the limit 
of safe navigation, ( Man-Jar .saund-ln } 

danger epace [o&n] 1. That portion of the range within 



[ELEC] The unit of elastance, equal lo the recitw 
of I farad. ( 'da.raf ) p ! 
darepeWte [mineral] Na 3 (N0j)(SO 4 VH20 A mtu' 
occurring hydrate mineral consisting of a hydrous nitratfe* 
sulfate of sodium. ( da' rap, skit ] 
Darboux'e monodromy theorem [math] The ptopoB 
thai, if the function /(i) of the complex variable z is anj) 
in a domain D bounded by a simple closed curve C, ajoov 
is continuous in the union of D and C and is injective fori 
C, then/(*) U injectivc for r. in P. { 'dttrbllr Imfin'e.djj 
.thiram} 

derby [eno| A flat-surfaced tool for 
{ 'dar-bc } 

darcy [phys] A unit of permeability, equivalent to tbe| 
sage of 1 cubic centimeter of fluid of 1 centipoise vii 
flowing in J second under a pressure of 1 atmosphere 
a porous medium having a cross-sectional area of i 
centimeter and a length of 1 centimeter. { 'darse } 

Dtray number 1 . [fl mech] A dimensionlcss group, 
to four times the Fanning friction factor. Symboluiifl 
Also known as Dnrcy-Weiabach coefficient; resistance 

clent 2. { 'dax-se .nom-bor 'wsn l 
Darey number % [fl mech] A dimeriRiorttesa group, 
the study of the flow of fluids in porous media, equal? 
fluid velocity times the flow path divided by the pc 



smoothing 



which a target of given dimensions could be hit by a projectile* of the medium. Symbolized Da^ { 'darse ,09m •bat] 

)lnE9V j4rc V ft ,aw [pl mech] The Ibw that the rate at which i 



with a given angle of fail. 2. Space around the bursting: poln 
of an antiaircraft projectile. ( 'dan-jor .spas } 
dangler [met] The flexible electrode used in barrel plating. 
{ 'daO'gt&r J 

dangling bond [solid state] a chemical bond associated 
with an atom in the surface layer of a solid that does not join 
the atom with a second atom but extends in the direction of 
the solid's exterior. { |dan'glirj 'band } 

dangling BLSE [comput sci] A situation in which it is not 
clear to which part Of a compound conditional statement an 
EliSE Instruction belongs. ( |dan/giirj 'els } 

Danism [oeol! Lowermost Paleocene or uppermost Creta- 
ceous geologic time. { 'dan' a* an \ 

Danlell eell [phys chem] A primary cell with a constant 
electromotive force of 1.1 volts, having a copper electrode in 
a copper sulfate solution and a tine electrode in dilute sulfuric 
acid or zinc sulfate, the solutions separated by a porous partition 
or by 'gravity. { 'dnn-yel <sel ) 

Dan lei I hygrometer (en a] An instrument for measuring 
dew point; dew forms on the surface of a bulb containing ether 
which is cooled by evaporation into another bulb, the second 
bulb being cooled by the evaporation of ether on its outer 
surface. { 'dan y»| AT' gram- ador ) 

Denjfin pr lematio astrolabe [ena] A type of astrolabe in 
which a Wollaston priaro just inside the focus of the telescope 
converts converging beams of light into parallel beams, permit* 
ting a great increase in accuracy. ( 'dan* yon prii'raadik 
'as-tra.lflb } 

dannftitiOHta [mineral! rJe.Mn.Mg^isOjaCOHh A yel- 
lowish-brown to greenish-gray raoDociinic mineral consisting 
bf a columnar or fibrous am phi bole. { l dan*9 > m6r,n } 

daneyl chloride [otO chem] (CHj^NCi^SOaCl A 
reagent for fluorescent labeling of amines* amino acids, pro- 
teins, and phenols. { 'dans-ol 'lclOr.fd 1 

Danyex reaction [tmmunol] A toxin-antitoxin reaction thai 
occurs when an exact equivalence of toxin is added to antitoxin, 
not in one portion but in successive increments, ( 'da-nish 
re'ak'shon ) 

DAP S*f diallyl phthalate; dlaminopimelate. 

Oaphnlphy llolee [fior] Art order of dicotyledonous plants 
in the subclass Hamamelldae, consisting of a single family 
with one genus. DaphntpHytlum, containing about 35 species; 
dioecious trees or shrubs native to eastern Asia and the Malay 
region, they produce a unique type of alkaloid and often accu- 
mulate aluminum and sometimes produce iridoid compounds. 
(■ .daf'ni fe'lfl'lez } 

daphnlte (mineral] (MgFe)j(Fe,Al)j(Si,Al)40iu<OH) 8 
A mi neral of the chlorite group consisting of a basic aluminosili- 
cate of magnesium, iron, and aluminum. { 'dafnJt ] 

Dephoenldae (pal^on] A family of extinct camivoran 
mommaJs in the wperfamily Miacoidea. { do'fftn^dc } 

dapaone S<t 4,4'-sulfonyldiaruline. 1 'dsp.SOn } 



flows through a permeable substance per unit area is c 
the permeability, which is a property only of the sufaf 
through which the fluid is flowing, rimes the pressure d 
unit length of flow, divided by the viscosity of theJJ 
( 'dar-SB* ,16 } 

Daroy-Walabaoh ooatflottnt See Darey number 1. {} 
'VTa.bak .ko i.fishont } 

Darcy-Welebach equation [Ft- mech] An equadotv'tS 
loss of head due to friction hy during turbulent flow of.Jf 
through a duct of any shape; in the case of a circular pipj 
f(L/d){V z tlg) t where L and d are the length and diaj 
the pipe. V it the fluid velocity, $ the acceleration «f j 
and / a dimensionlcss number called Darcy number 1. 
se 'vis.bak l.kwazhan I . 

dark box [graphics] A light-proof box used to rtoro^ 

light- sensitive photographic papers. { 'dark ,biks } . 
dark Cloud [astron] A relatively dense, cool cloud a 

stellar gas. chiefly molecular, whose dust particles c 

light Of Stars behind, it. { 'dark IrJaud } 
dark conduction [electr] Residual conduction irra 

sensitive substance that is not illuminated.' { jdMrk I 

shsn ) 

dark currant See electrode dark currenL { 'dark , 
dark^eurrartl putoa [electr] A phototube 
excursion that can be resolved by the system emp. 

phototube, { 'dHrk ,fcar-Snt \p&h } 

dp* dleeharge [ELECTR] An invisible electrical t 
in a gas. { {dark 'dis.chArj ) 

dark»ecih>aing varlablaa [astronj a binary star J 
comprising a bright star and an almost dark con. 
revolve about each other. { jdark ?,klip-sig 'ver-e'ejg 

dark-field Illumination [optics] A method of mlAf 
Illumination in which the illuminating beam is a t 
of light formed by an opaque stop at the center of the c| 
large enough to prevent direct light from entering (he o 
the specimen is placed at the concentration of the UjjJ 
and Is seen with tight scattered or diffracted by it' , 
,fl$ld ^.lUm'O'na'shon ) 

dark lightning [qraphjcs] A photographic effect B 
lightning gives black photographic streaks instead t 
due to multiple exposure* caused by successive me* 
a composite flash. Also known as Clayden effect ^ 
,m«nlrj | 

dark-Una apactrum [spect] The absorption sp 
results when white Ught passes through a substance, i 
of dark lines against a bright background. ( 
'spek trom ] 

dadc matter [astron] Matter that Is postulated %1 
explain the rotational motion of the Milky Way Owj 
other galaxies, to explain Ihe motions of galaxies Iffff 
and, m certain cosmologicaJ theories, to achieve i 
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778 fan total head 



. ran total head [mech enq] The sum of the fan static head 
and the velocity bead at the fen discharge corresponding to a 
given quantity of airflow. [ Jfan j»d'»l Jhed } 

fan total preeaure {mech eno] The algebraic difference 
between the mean total pressure at the fan outlet and the mean 
total preasure at the fen inlet. { jfan |t0d'3l jpresh-er ) 

fan trim . (av eno] A truss with struts arranged as radiating 
lincB. | "fan ,trw ) 

tan wishing [asuch] Vaulting in which the rib* diverge Uke 
tho raye of a fan. ( 'fan ,v61t irj } 
fan velocity preeeure [mech bng] The velocity pressure 
corresponding to the average velocity at the fan outlet. { fan 
vo'lMa-od-e .presh-ar } 
FAQ See Frequently Asked Questions, 
farad [blbc] The unit of capacitance in the meter-kilogram- 
second system, equal to the capacitance of a capacitor which 
has a potential difference of 1 volt between its prates when the 
charge on one of its plates Is l coulomb, (here being an equal and 
opposite charge on ttx other plate. Symbolized F. [ 'fa,rad } 
faradaic torrent 5** faradic current. { .farajda-ik [War ant } 
^ faredey {physj The electric charge required to liberate i 
gram-equivalent of a substance by electrolysis; experimentally 
equal to 96,485.3415 i 0.0039 coulombs, Also known as 
Faraday constant. \ 'far^da } 

Faraday birefringence [optics] Difference in the indices 
of refraction of left and right circularly polarized light passing 
through matter parallel to an applied magnetic Meld; it is reapon* 
flible for the Faraday effect. { •far-o.dfl fbrTi'frin-jwu } 

Faraday cage See. Faraday shield. ( 'fara.dfl ,kflj ) 
^ Faraday constant See faraday. ( 'far-a.da .kan-stqnl } 

Faraday cylinder (elec] 1 . A closed, or nearly closed, hol- 
low conductor, usually grounded, within which apparatus is 
placed to shield it from electrical fields. 2. A nearly closed, 
insulated, hollow conductor, usually shielded by a second 
grounded cylinder, used to coiled and dctrxt a beam of charged 
particles. ( 'far&.dfi .silandw } 

Faraday dara apace [blbctr] The relatively nonlundnous 
region that separates the negative glow from the positive col- 
umn in a cold-cathode glow •discharge tube. { 'faro.da 
'dferk.spas) 

Feredey dtek machine [blectromao] A device for dem- 
onstrating electromagnetic induction, consisting of a Copper 
disk in which a radial electromotive force is induced when the 
disk Is rotated between the poles of a magnet. Abo known 
as Faraday generator. { 'far 0,dA 'disk ma.ahen } 

Faraday effect [apnea] Rotation of polarization of a beam 
of linearly polarized light when it passes through matter in the 
direction of an applied magnetic field; it is the result of Faraday 
birefringence. Also known as Faraday rotation; Kundt effect; 
magnetic rotation. { 'fare, da i'fekt 1 

Faradey generator See Faraday disk machine. ( Tara.dl 
'jen'O^fld-or } 

Faraday lee bucket experiment [elec] Experiment in 
which one lowers a charged metal body into a pall and observes 
the effect on an electroscope attached to the pail, with and 
without contact between body and pail; the experiment shows 
that charge resides on a conductor's outside surface. { 'far* 
9, da 'Is ,bak'9t ik ( spar>3'm9nt ] 

Faraday rotation Su Faraday effect. | 'faro.da ro'ta-shw ) 
Faraday rotation experiment [blectromao] An experi- 
ment in which a wire dipping in a pool of mercury surrounding 
a magnet rotates around the magnet when a current, passes 
through it, demonstrating the effect of a magnetic field on 
a currett-carrying conductor. { Jface.da rO'tg'shon lk,sper 
9-msnt } 

Feredey rotation leoJntor See ferrlte isolator. { 'fara.cU 
fO'tfl'Shan ts-ol.fld-ar } 

Faraday screen See Faraday shield. { 'far-a.da .skren | 

Faraday ehlefef [elec] Blectrostatie shield composed of 
wire meah or a series of parallel wires, usually connected at 
one end to another conductor which is grounded. Also known 
as Faraday cage; Faraday screen. ( 'far 9, da ,sheTd } 

Faraday'a law of electromagnetic induction Ielectro- 
m ao.1 The law that the electromotive force induced in a circuit 
by a changing magnetic field is equal to the negative of the 
rate of change of die magnetic flux linking the circuit. Also 
known as law of electromagnetic induction. { 'fars.daz 'lo 
dv iilek'trf^magjned'ik in'dak'Sh?n } 

Feredny'e lowed eleotrolyala [phys chem] 1 . The amount 



farsighi 

of any substance dissolved or deposited in el 
tional to the total electric charge passed. a ' 
ditTcrcnt substances dissolved or oespositoq w 
the same electric charge are proportional to tf 
weights ( , far o ( dte ftoz av iM'tral^-s^i, 
Faraday tube [blbc] A tube of force for ele* 
ment which is of such size that the integral 
across the tube of the component of electric i 
pendicular to that surface is unity, ( 'far a <L 
faradlo current Also spewed faradaic current 
electric current that corresponds to the re duc tij 
of a chemical species. [elbcJ An inteunittei 
metrical alternating current like that obtained & 
ary winding of an induction coil. { foVad-iV 
f*m<l Hfrtion [bic*Uy«] Use of a fartmcc 
muscles and nerves. | ,far-3d-o'za-shan ). 
farcy See glanders. { 'fUr/sB ) 
far-end oroeetafk [communJ Crosstalk qW 
the disturbed circuit in the same direction a* J : 
[flat circuit. I Jfar |end 'krds t tdk } 
farewell buoy See sea buoy. ( 'fer.wel ,b6i 
Farey sequence (math] The Party seqi ' 
is the Increasing sequence, from o to 1, of 
denominator is equal to or less ..that n, wi^ 
expressed in lowest terms. ( 'fare .sVkwafts/.l 
for flejd See Fraunhofer region. { |faj ifeld ) , f J 
rertneceoue [biol] Having a mealy an' 
[pood eno] 1, Containing starch or ftouti 
texture of meal, [obol] Of a rock .or 
texture that is mealy, soft, and friable, for e; 
or a pelagic ooze. { jfar-ajni-shas j 
Ferlnalee [botJ An order thai includes } 
regarded as orders of the Commellnldae in ft 
classification. { ,fara'na*lez ) 
tfuMrrfrared maaer [eno] Agasmaserthat 
having & wavelength well above 100 micron 
up to the present lower wavelength limit of al 
tern for microwave oscillators. { }far in- to" 
faMrtf rered redbjtJon [blectromao] 
wavelengths of which are the longest of 
region, about .50-1000 micrometers; requires, 
ings for spectroscopic analysis, ( [fit in- 
shan ) 

Firlnoeee [ngr] The equivalent nai 
{ .far-a'no-se } 

Yielding farina, a fine 
Covered with a white pO 




fertnoeo [aorJ 
matter. [BtOlJ 
I 'faro.nCs } 

farm [aqr] A 
raising animals. 



tract of land used for. cuitr^ 
f ftrm ) 

Farmer doaimettr [ntjclbo] a small 

with an air wall, used for routine measi 

{ farmer do'simed-or ) 
termer 1 ! lung [med] An acute pulmonary 

by the inhalation of spores from moldy hay or 

mora ,larj ] 

farmer'a year [cltmatol] In Great Brii " 
period Starting with the Sunday nearest 
marz 'yir ) 

farming [aor] The skills and practices 
{ •ftrmlrj ) 

farmsrteed [ao*3 The whole area that 
including its land and buildings. ( 'farm,! 

farneeoi (biochem] C, 5 H 2J OH A coli 
tracted from oils of plants such as cittonella, 
and tuberose; it has a delicate floral odor, 
step in the biological synthesis of cholesmrol 
acid in vertebrates; used in perfumery, ( 'fat 

Fattiworth Image dleaoctor tube See i; 
{ 'faraz.warth 'im^ di.sek'tar ,tUb' } 

fer point [optics] The farthest point from 
an object Is distinctly seen; for a normal eye 
at infinity. Also known as punctum rcmotuin. 

far region See Fraunhofer region. { jfflr jrfl'/ 

tanrlnfltonlte [mii«ral1 Mg3(P0 4 J 3 A 
white, or yellow phosphate mineral known oi 
( 'faHn/ io,nrt ] 

fareJgrrtooneea See hypermetropia. I 'fflr!^ 



avioi 



^biet radii 

, fa wavelen; 
R^ects are & 

h \ 'far ,3 

(NAV] il 
jfcBOppOSlU 

[Sir Nan } 
>Set Fraunl 
, [8U1U>1 > 
w ds or wall 
(kistol; 
And betw 

1»ot] V 

(p^PAt 



laoT] ^ 

IBOT] 

ion pot * 

ively cc 
jRpontani 
y^'la-shan 

is Ianat 
fibers Ucb 
common oi 

[crvENO 
'00-90 eenti 
t) long, us* 
Bladen mat 
, ipd pier fou 
(all hepattoi 
"jtizes sheep, 
•pej-a-ke. 
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jlatrlbutlon 



!I « flfw >tar^ ; 

' «dge of ■ 

iv en water; 

ftl from pl^co^ 

n,ctUr e rtstiW 

.bjmcWrj ) 
€ * am all r«v 

5n of long, 
w °f a soiuti^ 

"th coaJasceacr 
I that i» pomtf | 

{ 11c- .brev- 
ets, the mclL, 
1 thcbAio^j 




Uy del 
lodly 
**ical vtl( 
O] A dii 
piiredby 
"on 'divii' 
id the cube 




ftutlon Jeff flow flcJd. { f flo .diS'tra.byU'Shan J 
H ft* solifluction mantle. | 'flo ( arth ) 
Ion [Pi mbch] Equation for the calculation of 
vapor, liquid) flow through conduits or channels; 
_ en interrelation of fluid properties (such as density 
ty), environmental conditions (such as temperature 
" ), and conduit or channel geometry and conditions 
neter, crcsS'Sectional shape, or surface roughness). 
Than } 

,or] The characteristic reproductive structure of a 
particularly if some or all of the parts are brightly 
'{ 'flatt-cr ) 

iuffur {fhaam] One of three forms of pharma- 
iu\ made by sublimation; the other two forms arc 
sulfur and washed sulfur. Also known as sub- 
{ 'flau-arz nv 'sal -far } 
tin Set stannic oxide. { 'fUti'srz ov 'dn } 
|pl mbch] The velocity and the density of a fluid 
of position and time . Also known as flow distri- 

fio .field ) 

See strain figure. { 'flo .fig'yor } 
[gbol] Folding in beds> composed of relatively 
that assume any shape impressed upon them by 
Id surrounding rocks or by the general stress pattern 
' zone; there are no apparent surfaces of slip. 

[comput sci] A directed graph that represents 
jzrogram, wherein a node in the graph corresponds to 
[uendal code and branches correspond to decisions 
program. [SYS ENal See signal-low graph. 

,1 

Vlbnrtlon (FL MBCH! Structural end mechani- 
of atrucrurcs immersed in or conveying fluid 
ftult of an interaction between the fluid-dynamic 
5 Inertia, damping, and clastic forces in (he struc* 
in.dust vT'bra-shon } 

oonoftrrtretion [min esq] a concentration 
fact that liquid films in laminar flow poKsosj a 
rh is not the same in all depths of the film; by this 
iter particle! of ore may be waahod off while the 
icles accumulate and are intermittently removed, 
kans-an'tra-shan } 

[met] A furnace from which molten metal 
or drawn. ( JfloWtj [farnas } 

(pbtho eno] Pressure at the bottom of an 
{bottom- hole pressure) during normal oil produc- 
irj .presh 3T } 
ifture gradient [r^rmo end] The slope of 
.pressure plotted against distance measured for 
[did flow in a cootlnuous»flow gas-lift oil well. 
h*or 'grad'6-ant ) 

" in* factor [thbrmo) Calculation con-ec- 
for gases flowing at temper aturea other than that 
L flow equation 18 valid, that is, other than 60<F 
JflO-irj 'tem^pra char .fak-tor J 
l Nro eno) Oil reservoir in which gas-drive 
sufficient to force oil flow up through and out of 
{ Iflo-in |wel } 

[cytolJ A karyotype that is based on flow 
irements. ( jflo 'kar^'O.tlp } . 
Pbtr] In an igneous rock, a layer which is dlfler- 
'Silion or texture from adjacent layers. [ 'flO 

1. The connecting line or arrow between 
I'flow chart or block diagram. 2, Mark on n 
'be or rrictal article made by the meeting of two 
hnts during molding. Also known as weld line; 
jf Ihyd] a contour of the water level around a 
**• (pbtrI in an ignemu rock, any internal struc- 
by parallel orientation of crystals, mineral 
lusinns. [pbtro bno] A pipeline that takes oil 
Woll or a aeries Of wells to u gathering center. 

GMatbrJ Wavy surface marks On n thermoplastic 
due to Improper flow of materia] into the mold. 

[BNol The determination of the quantity 
r a liquid, a vapor, or a gas, that passes through 
■""Open channel, { 'flft .mezh-rtr-mOnt J 



flowmeter (bno) An instrument used to measure pressure, 
flow rate, and discharge rate of a liquid, vapor, or gas flowing 
in a pipe. Also known as fluid meter. | 'flo.med-ar ) 
flow mixer (mbch fiNOj Liquid-liquid mixing device in 
which the mixing action occurs as the liquids pass through it; 
includes jet nozzles and agitator vanes. Also known as line 
mixer. { 'flO .mhVsOr ) 

flow net [fl mechI A diagram used in studying the flow of 
a fluid through a permeable substance (such as water through 
a soil structure) having two nests of curves, one representing 
the flow lines, which follow the path of the fluid, and the other 
the cquipotential lines, which connect points of equal head, 
{ 'AO .net } 

flow note* [acous) 1. Pressure variations associated with 
a turbulent flow field that do not propagate away from the 
turbulent source but are sensed as sound by a receiver in direct 
contact or close to the turbulent flow. Also known as near- 
field noise. 2. More generally, any noise generated by turbu- 
lent fluid flow, f 'flo ,nOlz } 

flow noantle [bnoI A flowmeter in a closed conduit, con- 
sisting of a short flared nozzle of reduced diameter inset into 
the inner diameter of a pipe; used to cause a temporary pressure 
drop in flowing fluid to determine flow rata via measurement 
of static pressures before and after the noz2le. { 'flo .nfijeal ) 
flow erf variability (gen} The movement of genetic vartabil- ■ 
Ity within a population as a result of hybridization and segrega- 
tion, { JflO av .verC a'bti'Od'e ) 

flow panern [fl mecmi Pattern of two-phaae flow in a con- 
duit or channel pipe, taking into consideration the ratio of gas 
to liquid and conditions of flow resistance and liquid holdup. 
{ 'flo .pad -am ) 

flow proceee [bno| System in which fluid* or solids are 
handled in continuous movement during chemical or physical 
processing or manufacturing. ( 'flo .ptavas 1 
flow-programmed chromatography [analy chem) a 
Chromatographic procedure in which the rate of flow of the 
mobile phase Is periodically changed. ( Jflo* ,pr6,grarrid .VtO* 
ma'tag ra fe ] 

flow rate [pi. mechI Also known as rate of flow. 1. Time 
required for a given quantity of flowable material to flow a 
measured distance. 2. Weight or volume of flowable material 
flowing per unit time. { 'AO ,rat } 

flow-retlng pressure [mech bno] The value of inlet static 
pressure at which the relieving capacity of a pressure -re lief 
device is established. ( 'flo ,rad irj .pressor ) 

flow reactor (chem bnc] a dynamic reactor system in 
which reactants flow continuously into the veasal and products 
are continuously removed, in contrast to a batch reactor. | 'flo 
re.ak-tar ] 

flow regime [hyd] A range of streamflows having similar 
bed forms, flow resistance, and means of transporting sediment. 
{ '11(5 ra.zhern } 

flow reelitinoe [PL mbch) 1. Any factor within a conduit 
or channel that Impedes the flow of fluid, such as surface 
roughness Or sudden bends, contractions, or expansions. 2. 
See viscosity. { 'fia rUia-tana 1 

flow rock [petr! An igneous rock that had been liquid. 
( 'flO ,rHk | 

flow eeperation See boundary-layer reparation. { 'flo ,sep' 

o.rA'shan J -1 
flow ft newt See flow chart. ( 'flO ,shet } 
flow shop [(np bno] A manufacturing facility in which 

machine tools and robots are employed in the same manner on 

all jobs. { 'flo ,Shap \ 

flow elide [060L1 A slide of waterlogged material in which 
the slip surface is not wall defmed. { 'flo ^Hd } 

flow soldering [rnq] Soldering of printed circuit boards by 
moving them over a flowing wave of molten solder in a aoLder 
bath; the process permits precise control of the depth of Imrncr- 
dion in the molten solder and minimizes heating Of the board. 
Also known as wave soldering. { 'flo .sAd^ng ) 

flowetone Iordi.) Deposits of calcium carbonate that accu- 
mulated against the walls of a cave whero water flowed on the 
rock. 1 'flO.stOn ] 

flow etreea [much] The strew? along one axis at a given 
value of Uraln lhm Is required ro produce plastic deformation. 
( 'flO .sues } 

flow tiring [rrrRO bno} Total length of oil- or gas-well 



flow string 625 



FLOW-INDUCED VIBRATION 




Flutter Of a rjolyeUxylene tuba 
(garden nose) conveying fluid, an 
example of flow-induced vibration, 
The tube is Illuminated by a 
stroboscope to show Kb motion, 



FLOW NET 




Flow net Indicated under the 
cutoff wall of ft dam, {From 
D. P. Krvnine, S0U Mechanic t, 
2d ad., McGraw-Hill, 1947) 



FLOW NOZZLE 




Diagram of a flow noaale. Arrows 
Indicate direction of fluid flow. 
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PROPERTIES OF WATER IN THE RANGE 0^100 °C 



This table summaries the best available values of the density, specific 
heat capacity at constant pressure (cp. vapor pressure, viwoslty, thermal 
conductivity, dielectric constant, and surfege tension for liquid water In the 

n l 00 '^ 1 VBtal (CXCC P 4 Vft P° r P re8 ^ r ' fe < *■ * P^ure of 
100 kPa (1 bar). The temperature scale is JPTS-68. 

References 

1. U Harr J, s. GaJlagher, and 6. S. Kell, ABMwc Steam Tables, 
Hemisphere PuWishing Corp., New York, 1984. 



t 

■c 


Density 
g/cin a 




Vap. pre* 


J/gK 


kPa 


0 


0.99984 


4.2176 


0.6113 


10 


0.99970 


4.1921 


1,2281 


20 


0.99821 


4.1818 


2-3388 


30 


0,99565 


4.1784 


4,2455 


40 


0.99222 


4.1785 


7J814 


so 


0.98803 


4.1806 


12.344 


60 


0.98320 


4.1843 


19.932 


70 


0.97778 


4.1895 


31.176 


60 


0.97182 


4.1963 


47.373 


90 


0.96535 


4.2050 


70.117 


100 


095840 


4.2159 


101.325 


Ref, 


1-3 


2 


1.3 



ifeSssf ^ Propenkt ' s,ackweu Sden ^ c 

* fa^T" ? d ; * ? WatSOn ' Impmved ^national 
for the viwoslty and thermal conductivity of water sub 

HackeJUnUttag Jaw slopes,/ P^. Cktm. Kef, Dato, 19 
5. N. B. yargaftJk, « al, International tables of £ T ut fe 
water./ PAy* Cfrem. *tf A.*,, 12, 817, 1983. 



Mm. 
pPaa 

1793 
1307 
1002 
797,7 
6534 
547.0 
466.5 
404.0 
354.4" 
314.S 
281.8 
3 



The*, 
cond. 
mV/Ko 
561.0 
580,0 
598.4 
615.4 
630.5 
643.5 
654.3 
663.1 
670.0 
J&75.3 
679.1 
3 



Diel. 


Stirf, ten. 


const. 


mN/m 


87.90 


75.64 


83.96 


74^23 


80.20 


72.75 


76.60 


71.20 


73.17 


69.60 


69.88 


67,94 


66.73 


66.24 


63.73 


64.47 


60.86 


62,67 


58.12 


60.82 


55.51 


58.91 


4 


5 



ENTHALPY OF VAPORIZATION OF WATER 



The enthalpy (heat) of vaporization of water is tabulated as a 
function of temperature on the IPTS-68 scale. 



Reference 

Marsh, K. N., Ed., Recommended Reference Material* for 
rhysUochemlcatProBertte*.B\At!k wt >u rw^ ioe-7 



t 


A M 


t 




6 C 


kF/mol 


■c 


kJ/moJ 


0 


45.054 


200 


34.962 


25 


43,990 


220 


33.468 


40 


43,350 


240 


31.809 


60 


42.482 


260 


29.930 


80 


41.585 


280 


27.795 


100 


40.657 


300 


25.300 


120 


39.684 


320 


22.297 


140 


38.643 


340 


13.502 


160 


37.518 


360 


12.966 


180 


36,304 1 


374 


2.066 



6-2 
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VAPOR PRESSURE OF WATER FROM 0 TO 370°C 



This table gives the vapor pressure of water at intervals of V C 
from the melting point to the critical point. 



Reference 

Haar, L, Gallagher, J. S.. and Kelt, G. S., A/& 
Hemisphere Publishing Corp,, New York, 1984. 





F/kPa 


f/'C 


P/kPa 


J/ A* 


0 


0,61129 


52 




104 


1 


0,65716 


53 


14.303 


1 mz 
*05 


2 


0.70605 


54 




106 


3 


0.75813 


55 




107 


4 


0,81359 


56 




108 


5 


0.87260 


57 


17 


109 


6 


0.93537 


58 




110 


7 


ixxm 


59 


J.7.UZQ 


111 


8 


1.0730 


60 


17.7JZ 


112 


9 


1.1482 


61 


ZU.tt / J 


113 


10 


1.2281 


62 




114 


11 


1.3129 


63 


TJ Q£Q 


115 


12 


1,4027 


64 




116 


13 


1.4979 


65 


25.022 


1 117 


14 


1.S9&8 


GO 


26.163 


118 


15 


1.7056 


O/ 


77 aA7 

£7.347 


119 


16 


1.8185 






120 


17 


1.9380 


69 


7Q U.R7 


121 


18 


3,0644 


70 


OJLl/O 


122 


19 


2.1978 


71 


32.549 


123 


20 


2.3338 


72 


jji "/ z 


124 


21 


2.4877 


73 


tjD.44a 


125 


22 


2.6447 


74 




126 


23 


2.8104 


7S 




liv 


24 


3.9860 


76 


40.205 


1f)Q 


25 


3.1690 


77 


41.905 




26 


3.3629 


78 


43.665 




27 


3,5670 


79 


AC AQ7 


1 41 


28 


3.7818 


80 


47,373 




29 


4,0078 


81 


49.324 


1 43 


30 


4.2455 


82 


51.342 


l^lt 


31 


4.4953 


83 


53.428 


13S 


32 


4.7578 


84 


55.585 


136 


33 


5.0335 


85 


57.815 


1 37 


34 


5.3229 


86 


60.119 


138 


35 


5.6267 


87 


62.499 


139 


36 


5.9453 


88 


64.958 


140 


37 


6.2795 


89 


67.496 


141 


38 


6.6298 


90 


70.117 


142 


39 


6.9969 


91 


72823 


143 


40 


7.3814 


92 


75.614 


144 


41 


7.7840 


93 


78.494 


145 


42 


8.2054 


94 


81.465 


146 


43 


8.6463 


95 


84.529 


\147 


44 


9.1075 


96 


87.688 • 


148 


45 


9.5898 


97 


90.945 


14* 


46 


10.094 


98 


94.301 


150 


47 


10,620 


99 


97.759 


151 


48 


11.171 


100 


10132 


152 


49 


" 11.745 


101 


104.99 


153 


50 


12344 


102 


108.77 


154 


51 


12.970 


103 


112.66 


155 



P/kPa 

116.67 

120.79 

12S.03 

129.39 

133.88 

138.50 

143.24 

148.12 

153.13 

158.29 

163.58 

169.02 

174.61 

180.34 

186.23 

192.28 

198.48 

204.85 

211.38 

218.09 

224.96 

232.01 

239.24 

246.66 

254.25 

262.04 

270.02 

27a20 

286,57 

296.1S 

303.93 

312.93 

322.14 

331.57 

341.22 

351.09 

361.19 

371.53 

382.11 

392.92 

403.98 

415.29 

426.85 

438.67 

450.75 

463.10 

475.72 

488.61 

501.78 

515.23 

528.96 

542.99 



trc 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 
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VISCOSITY OF LIQUIDS 




sity of some common liquids at temperatures 
100*C is given in this table. Values were derived 
enul data to suitable expressions for the tem- 
The substances are arranged by molecular 
dlfied Hill order (see Preface). Ail values are 
[pascal seconds (mPa s)i this unit id identical 

correspond to a nominal pressure of 1 atmos- 
-gfren at a temperature above the normal boiling 
Jjle pressure is understood to be the vapor pres- 
et that temperature* A few values are given at a 
[y below die norma! freezing point; these refer 
liquid. 

iges from 1% in the best cases to 5 to 10% in the 
onal significant figures are included in the table 
iUtlon. 
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MscositylnmPas 






Name 


-25"C 


0*C 








100*C 


;'«** containing carbon 














• Bromine 




L252 


0.944 


0.746 






' Trichlorosiiane 




0.415 


0.326 








; Phosphorous trichloride 


0.870 


0.662 


0,529 


0.439 






Tetrachlorosilane 






99,4 


96.2 






Water 




1.793 


0.890 


0.547 


0.378 


0.282 


Hydrazine 






0.876 


0.628 


0.460 


0,384 


Mercury 






1.526 


1.402 


1.312 


1.245 


. Nitrogen dioxide 




0.532 


0.402 








containing carbon 














Tridiiorofluoromethane 


0.740 


0,539 


0.421 








Tetrachloromethane 




1.321 


0.908 


0.656 


0.494 




Carbon disulfide 




0.429 


0.352 








TrLbromomethane 






1.857 


1.367 


1.029 




Trlchloromethflne 


0.988 


0.706 


0.537 


0.427 






' Hydrogen cyanide 




0.235 


0.183 








Dibromomethane 


1.94$ 


1.320 


0.980 


0.779 


0.652 . 




Dichloromethane 


0.727 


0.533 


0.413 








Formic acid 






1.607 


1.030 


0.724 


0.545 


lodomethane 




0.594 


0.469 








FormamJde 




7.114 


3.343 


L833 






Nitromethane 


1.311 


0.875 


0.630 


0.481 


0.383 


0.317 


Methanol 


1.258 


0.793 


0.544 








Methyiamine 


0.319 


0.231 










1^2-Trichiorotrifluoro-ethane 


1.465 


0.945 


0.656 


0.481 






Tetrachloroethylene 




1.114 


0.844 


0.663 


0.535 


0.442 


■ Trlchloroethyiene 




0.703 


0*545 


0.444 


0.376 




Pentachloroethane 




3.761 


2.254 


1.491 


1.061 




Trifluoroacetic acid 






0.808 


0.S71 






^-1^-Plchloroethyiene 


0.786 


0.575 


0.445 








&ww- 1 .2- Dlchloroethylene 


0.522 


0.398 


0.317 


0.261 






l.l,U-TetrachIoroethane 


3.660 


2.200 


1.437 


1.006 


0.741 


0.570 


l-Chloro-l,l^dlfluoro-ethane 


0.477 


0.376 










Acetyl chloride 






0.368 


0.294 






l.ia.Trtchloroethane 


1.847 


1.161 


0.793 


0.578 


0/428 




AcetonltriJe 




0,400 


0.369 


0.264 


0.234 




1,2-DlbromOe thane 






1.595 


1.116 


0.837 


0.661 
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